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ABSTRACT
By combining Hα flux measurements from the Sloan Digital Sky Survey (SDSS) with
UV flux observations from the Galaxy Evolution Explorer (GALEX), we examine the
environmental dependence (through central/satellite distinction) of the rapid quench-
ing and rejuvenation of galaxies. Hα emissions trace the most massive stars, thereby
indicating star-formation on timescales of ∼ 10 Myr, while UV emission traces star-
formation on timescales of ∼ 100 Myr. These varying timescales are exploited to probe
the most recent star-formation histories of galaxies. In this work, we define a class
of transient galaxies which have UV emission typical of star formation but negligi-
ble Hα emission. We find that the occurrence of these transients has a strong stellar
mass dependence in both the satellite and central population. However, while at stel-
lar masses greater than M∗ ∼ 1010 M they occur with equal frequency regardless of
environmental class, at lower stellar masses they are more common in satellites only,
with an excess of about 1 per cent across all low stellar mass galaxies. These satellite
transients also have a strong halo mass and group-centric radial dependence suggest-
ing they are driven by an environmental process. Finally, we show that ‘rejuvenating’
galaxies, those with Hα emission but not UV emission, are few in number and do
not have a strong difference in their occurrence rate in centrals or satellites. These
unique probes point to an environmental quenching mechanism which occurs on short
timescales after the satellite has been in the group environment for a significant time
– consistent with ‘delayed-then-rapid’ quenching.
Key words: galaxies: groups: general – star formation – galaxies: evolution – spec-
troscopy
1 INTRODUCTION
It has been established that the distribution of colours of
galaxies is bimodal, with star-forming galaxies belonging to
the ‘blue cloud’ and quiescent galaxies belonging to the ‘red
sequence’ (Strateva et al. 2001; Bell et al. 2004). The redshift
evolution of galaxy populations suggests that the quenching
of star-formation is the likely process which moves a galaxy
from the blue cloud to the red sequence (Baldry et al. 2004;
Faber et al. 2007). However, there are many separate phys-
ical mechanisms that may be contributing to the reduction
and cessation of star-formation in a galaxy. These mecha-
nisms are often broadly classed as internal or external pro-
cesses.
Internal processes refer to those that occur due to the
individual galaxy properties, such as morphology or the pres-
ence of an AGN. Morphological quenching may either pre-
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vent star-formation from taking place, such as with the pres-
ence of a bulge which may prevent the collapse of the disc
and the formation of stars (Bluck et al. 2014), or acceler-
ate gas consumption, whereby the presence of a bar directs
material to the centre of the galaxy (Athanassoula 1992)
where it is depleted more efficiently thus leading to a reduced
SFR (Zurita et al. 2004; Sheth et al. 2005). Alternatively,
a galaxy with an AGN may experience feedback which pro-
vides heat to the surrounding gas, preventing star-formation
(Smethurst et al. 2017).
External processes are those where the environment of
a galaxy is relevant. These include mergers, which may vi-
olently heat and expel gas, and are also often responsible
for morphological changes to a galaxy (Gabor et al. 2010).
Ram-pressure stripping occurs when a galaxy encounters gas
upon infall to a group or cluster, causing its cool gas to be
stripped away. The pressure on the galaxy is as PR ≈ ρev2,
where ρe is the external intracluser density and v is the
velocity of the galaxy (Gunn & Gott 1972). Ram-pressure
© 2019 The Authors
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Figure 1. Stellar mass (M∗) versus specific star-formation rate [a) sSFRHα; b) sSFRUV] distributions for all galaxies. Note the bi-
modality of the population: star-forming [log(sSFRHα/yr−1) > −11.7; log(sSFRUV/yr−1) > −11.4] and quenched [log(sSFR/yr−1) < −11.7;
log(sSFRUV/yr−1) < −11.4]. The z-axis denotes number of galaxies in each bin, with contour lines indicating regions of equal numbers.
The dark blue regions signify no data.
stripping results in a relatively quick depletion of gas, op-
erating on crossing-time timescales (∼ 107 yrs, Abadi et al.
1999). A galaxy will quench its star-formation on gas con-
sumption timescales if it fails to accrete additional cool gas
through either the removal of the gas reservoir (e.g. ‘strangu-
lation’, Balogh et al. 2000) or the cutting off of cosmological
accretion (e.g. ‘overconsumption’, McGee et al. 2014).
It is not trivial to discern which of these internal or
external processes are dominant (if any) for a given galaxy
as they are heavily related and dependent on each other.
One way to determine if internal or external processes are
dominant is by examining the galaxy properties as a func-
tion of their environment. If a particular property has no
environmental dependence, then it is likely driven by inter-
nal mechanisms, and alternatively, a strong environmental
dependence is indicative of a strong external mechanism.
There is clear evidence that local environment of a galaxy
has a prominent effect on its star formation rate. In addition
to a well-documented morphology-environment correlation
(Dressler 1980), it has been shown that satellite galaxies in
a group or cluster experience an increased rate of quenching
compared to galaxies at the centre of the group or cluster or
isolated field galaxies (e.g., McGee et al. 2011; Wetzel et al.
2012; Ziparo et al. 2014). However, clear evidence for the
regimes in which internal or external mechanisms dominate
is not yet clear. One promising avenue for further elucida-
tion of this is to examine the locations and abundances of
galaxies currently undergoing rapid quenching.
Much of the work on rapidly quenching galaxies has
been done using the class of galaxies called E+A or post-
starburst galaxies. These were first discovered by (Dressler &
Gunn 1983) who found three galaxies within a galaxy cluster
with very strong Balmer absorption lines. Using stellar pop-
ulation modelling, those authors suggested these galaxies re-
sulted from a burst of star formation (∼ 20% of the total stel-
lar mass formed within 108 yrs), and later became quenched.
This early identification and interpretation has led to their
synonymous identification as ‘post-starburst’ galaxies. Later
work focused on the occurrence of these galaxies in clus-
ters, and their classification standardized into requiring the
non-existence of a current star-formation indicator ([OII] in
early studies) along with the strong Hδ absorption. It has
been clear since the early days, when the proportion of clus-
ter galaxies classified as E+A’s varied from ∼ 30% to 2%
(Couch & Sharples 1987; Poggianti et al. 1999; Balogh et al.
1999), that the relatively small sample sizes of E+A’s com-
bined with their sensitive dependence on the details of the
target selection, spectroscopic reduction and parameter esti-
mation, could have a big impact on the interpretation. These
uncertainties have continued, and the literature is unsettled
on many of the major questions about E+A environmental
dependencies (Zabludoff et al. 1996; Paccagnella et al. 2019;
Owers et al. 2019), morphological composition (Pracy et al.
2009; Swinbank et al. 2012; French et al. 2016) and trigger-
ing mechanisms (Zabludoff et al. 1996; Bekki 2014; Yesuf
et al. 2014; Pawlik et al. 2019; Vulcani et al. 2020).
In this study, we begin a fresh look at the question
of rapidly quenching galaxies by selecting them in a new
way – using a combination of UV emission and Hα emis-
sion. Although some studies have examined the UV prop-
erties of previously selected E+A galaxies (Kaviraj et al.
2007; Melnick & De Propris 2013), to our knowledge, this
is the first time where the primary selection of the rapidly
quenching galaxies has been made using UV with spectral
diagnostics. Our method has the benefit of being sensitive
to shorter timescales of star formation than the traditional
E+A method, and thus may allow a better pinpointing of
the quenching driver. We will constrain the timescale of
the quenching processes by determining the recent star-
formation history (SFH) of each galaxy. To do this, we define
a ‘transient’ galaxy as one that has a star-forming UV com-
ponent but a lack of Hα. Hα traces young O-type stars, which
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typically have a lifetime of about 10 Myr, while UV traces
O- and B-type stars, where the latter typically lives for ∼100
Myr. This disparity means that a lack of Hα measurements
implies star-formation has ceased less than ∼100 Myr ago.
Due to the sensitivity of these star-formation tracers to stars
of different masses, this method allows us to investigate the
short timescale differential SFR of galaxies in the process of
quenching.
Using this new classification of galaxy, we will attempt
to isolate the internal/external mechanisms by examining
the differential effects of quenching on the environment of
the galaxy and by characterizing the timescale over which
the cessation of star formation occurs. We define ‘environ-
ment’ as the location of the galaxy in its host dark matter
halo. Central galaxies are the galaxies that have the most
stellar mass in their local potential and are often assumed to
be located in the center of the dark matter halo. By this def-
inition, central galaxies contain both the dominant galaxy in
a group or cluster as well as an isolated galaxy in the ‘field’.
Galaxies which appear gravitationally bound to a halo in
which they are not the dominant galaxy are called ‘satel-
lites’.
Subsequently, the properties of each satellite and how
it relates to its group may be investigated to probe the ef-
fects of the immediate environment of the satellite. For this
work, we consider the group-centric radial position of satel-
lite galaxies, and the relative velocity of the satellite to the
central galaxy. Combining all these data, we aim to discern
the dependencies of these quenching processes and which, if
any, are dominant.
The data used for this work will be described in Section
2. The results will be presented and explained in Section
3. There will be a discussion of the results in Section 4,
and finally, our work will be summarised in a conclusion
in Section 5. Throughout this work we adopt the following
cosmological parameters: H0 = 72 km s−1Mpc−1, ΩΛ = 0.7,
ΩM = 0.3. We assume a Kroupa IMF (Kroupa 2001).
2 DATA
Our sample is derived from the set of galaxies with spectro-
scopic measurements in the Sloan Digital Sky Survey (SDSS)
Data Release 7 with 0.01 < z ≤ 0.2 (Abazajian et al. 2009).
Although more recent data releases are available from SDSS,
this version contains several ‘value-added’ catalogues which
we use. For each galaxy, we use the survey completeness cor-
rection given by Blanton et al. (2005) to mimic a complete,
flux-limited sample to the depth of the SDSS spectroscopic
catalogs. Further, we use the volume corrections calculated
by Omand et al. (2015)1 to ensure selection effects do not
significantly bias our results. For each galaxy, we compile
the stellar mass (M∗ [M]), Hα flux ([erg s−1 cm−2]) and
equivalent width (EW [A˚]) from the MPA-JHU value added
catalogs (Brinchmann et al. 2004)2.
The UV emission measurements are taken from
the GALEX-SDSS-WISE Legacy Catalog Medium-Deep 2
(GSWLC-M2) (Martin et al. 2005; Morrissey et al. 2007;
1 http://cdsarc.u-strasbg.fr/viz-bin/cat/J/MNRAS/440/843
2 https://wwwmpa.mpa-garching.mpg.de/SDSS/DR7/
Salim et al. 2016, 2018)34. For our purposes, this catalogue
provides well-matched GALEX photometry to the SDSS
spectroscopic galaxy sample. The GALEX satellite provided
photometry in both the Near Ultraviolet (NUV; 2300 A˚)
and Far Ultraviolet (FUV; 1500 A˚). Although the FUV is
a cleaner probe of the recent star formation rate in local
galaxies, there are many more measurements of galaxies in
the NUV due to a failure of the FUV instrument. We will use
NUV as our ultraviolet probe in this paper, but we note that
we have explored using FUV instead and find no qualitative
change in our results except for a reduction in the statisti-
cal power. After matching our galaxy sample and its asso-
ciated stellar mass and Hα measurements to the GSWLC-
M2, and removing galaxies with flagged photometry or non-
detections (e.g. flux in Hα or UV = 0), we are left with a
sample of 100,625 galaxies with Hα and UV coverage.
The GALEX observations which go into the GSWLC-
M2 catalog have variable exposure times across the differ-
ent pointings in the range of 650 to 4000 seconds in the
NUV band (Salim et al. 2018). Thus the flux limit also
varies across these pointings. However, within the footprint
of the GALEX observations, essentially all SDSS galaxies
with r <16 are detected. For blue galaxies (u -r < 0.8), this
universal detection remains until past the r = 17.7 limit of
the SDSS main spectroscopic sample. For red galaxies (u -r
> 0.8), 75% of them are detected at r = 17, while about
50% are detected at 17.7. Thus, our catalog is missing some
red SDSS spectroscopic galaxies at the limit of the survey.
To overcome this, when we rely on detections of low star
formation rates in UV, we reduce the redshift limit of the
sample to z = 0.1, where we are nearly complete.
Distances are calculated assuming the redshift is dom-
inated by the Hubble flow, and these distances are used to
compute luminosities from the fluxes. Star-formation rates
(SFR [M yr−1]) and specific star-formation rates (sSFR
[yr−1]) are computed using Hα and NUV flux calibrations
from Kennicutt (1998) as in Equations 1 and 2:
SFRHα = 7.9 × 10−42LHα[erg s−1], (1)
SFRUV = 1.4 × 10−28Lν[erg s−1Hz−1]. (2)
It should be noted that our results are not sensitive to the
exact form of these calibrations as we are principally inter-
ested in the differential change between environments and
our divisions between ‘star-forming’ and ‘passive’ are moti-
vated by empirical divisions in the observed data. For all our
results, the galaxies are weighted by the completeness and
volume corrections from Blanton et al. (2005) and Omand
et al. (2015). The statistical errors are calculated using raw
data.
We obtain 221,904 petrosian magnitudes across all
SDSS bands u, g, r, i, z (Doi et al. 2010) and match these to
emission line data and stellar masses in order to produce
a colour magnitude diagram with star-formation informa-
tion. These magnitudes satisfy a redshift limit z < 0.2 and
magnitude limit u < 20.
Our environmental (central/satellite) classifications
3 http://pages.iu.edu/~salims/gswlc/
4 http://galex.stsci.edu/GR6/
MNRAS 000, 1–13 (2019)
4 C. Cleland & S. L. McGee
0.0 0.2 0.4 0.6 0.8 1.0
0.0
0.2
0.4
0.6
0.8
1.0
8 5 9.0 9.5 10.0 10.5 11.0 11.5 12.0
13 5
13.0
12.5
12.0
11.5
11.0
10.5
10.0
9.5
9
lo
g(
sS
FR
[y
r
1]
)
a)
8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0
13.5
13.0
12.5
12.0
11.5
11.0
10.5
10.0
9.5
9.0
b)
0
100
200
300
400
500
0
20
40
60
80
100
120
log(M * [M ])
Figure 2. Stellar mass (M∗) versus specific star-formation rate (sSFRHα) distributions for a) central galaxies and b) satellite galaxies.
The white dashed line signifies a) sSFRHα = 10−11.7 yr−1 and b) sSFRUV = 10−11.4 yr−1. The z-axis denotes number of galaxies in each
bin, with contour lines indicating regions of equal numbers. The dark blue regions signify no data.
come from the Yang et al. (2007) group catalogue (hereafter
YGC). In the YGC, galaxies were assigned to groups via the
friends-of-friends algorithm and the groups were assigned a
total mass by rank-ordering the total luminosity (or stellar
mass) of the group members, for a given comoving volume
and halo mass function. This rank-ordering ensures that the
halo mass function for a given cosmology is consistent with
the total masses in the groups. The most luminous or the
most massive (in terms of stellar mass) galaxy in a group is
considered the central galaxy, while the remaining galaxies
are denoted as satellites. Again, note that this means un-
grouped, or isolated, galaxies are by definition also central
galaxies. For this study, we assume a central galaxy is the
one with the most stellar mass.
From the YGC, we obtain the satellite/central classifi-
cation for each galaxy and the total mass of the halo (Mh)
that the galaxy resides in. For the galaxies which have ap-
propriate Hα and UV coverage, we find a sample of 99,048
galaxies within the YGC.
For each group with redshift zg, we can also calcu-
late the group-centric halo radius r180 (Equation 3), defined
where the dark matter halo has an overdensity of 180,
r180 = 1.26 h−1 Mpc
(
Mh
1014h−1 M
)1/3
(1 + zg)−1, (3)
and the effective line-of-sight velocity dispersion σ (Equation
4),
σ = 397.9 km s−1
(
Mh
1014h−1 M
)0.3214
(4)
as in Yang et al. (2007). In this manner, we calculate the
projected separation between each satellite galaxy and its
central galaxy in terms of r180 of the group. We can use
the redshift offset between the satellite and the group to
calculate the relative velocity difference,
∆v = c(zg − zs). (5)
In analysis, this is normalized as ∆v/σ.
3 RESULTS
3.1 Quenched galaxies
Although it is well established that ‘quenched’ or passive
galaxies are strong functions of stellar mass and environ-
ment, we will first examine this same phenomenon in our
sample. Our motivation is to establish the main trends, as
well as examining their dependence on the star formation
tracer—in particular Hα and UV. In Figure 1, we present
the distributions of galaxies with respect to their stellar mass
(M∗) and specific star formation rate (sSFR), with SFR cal-
culated using Hα in the left panel and SFR calculated using
UV in the right panel. sSFR is calculated simply by divid-
ing the star formation rate by the current stellar mass and
gives an indication of the star formation the galaxy has with
respect to its integrated past star formation rate.
There are some obvious differences in the two panels of
the figure which show the impact of SFR being calculated
via Hα or UV flux which we will discuss after taking each
in turn. In the sSFRHα panel, there is a clear bimodality
leading to two particular over-dense regions, one due to star-
forming galaxies, and one due to quenched galaxies. Princi-
pally, by visual inspection, a dividing line between the two
populations was chosen such that quenched galaxies have
log(sSFR/yr−1) < −11.7, and star-forming galaxies are those
above this cut-off. This cut-off is lower than some sSFR de-
marcations in the literature, such as Wetzel et al. (2012)
who find that the trough in sSFR between star-forming and
quenched galaxies in found at sSFR= 10−11 yr−1 when using
Hα-based star formation rates. However, it is important to
remember that our Hα-based SFRs are not corrected for the
effects of internal dust extinction.
In Appendix A, we examine the relative effects of dust
extinction on central galaxies and satellite galaxies, with re-
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spect to several properties of the galaxies (eg, in stellar mass
bins, halo mass bins, radial and velocity offset bins). We con-
clude that there is no difference in the attenuation effects
between centrals and satellites in any of these subsamples.
Since applying this attenuation correction would have no ap-
preciable difference on the differential effects of centrals and
satellites and thus no effect on our subsequent analysis, we
do not apply it. This choice allows us to use Hα measure-
ments for galaxies in which there is no Hβ measured, and
maintains a clear connection to the massive stars responsible
for Hα emission. We opt to retain a larger sample of galaxies
with well-measured (SNR > 3) Hα (153,294 centrals, 37,811
satellites), compared to those with well-measured Hα and
Hβ (125,346 centrals, 29,318 satellites).
Turning our attention to the right panel of Figure 1, we
can see the distribution of galaxies in the sSFRUV–stellar
mass plane. It is clear that with this star formation indi-
cator, the bimodality is not as apparent as it was for the
Hα case. This is principally because quenched galaxies in
the UV will often lack a detection meaning that the purely
passive galaxies will simply not appear on the plot. In con-
trast, a Hα flux is often measured for galaxies even when
they have negligible star formation leading to a pile-up of
galaxies in the low sSFR peak. Although UV can also suf-
fer from dust attenuation, we demarcate star-forming and
quenched galaxies using a cut-off of log(sSFR/yr−1) < −11.4,
chosen from the local minimum of the sSFRUV distribution
of the sample.
We can now investigate how the sSFR distribution
varies with environment. In Figure 2, we present the galaxy
distribution in the sSFR–stellar mass plane, where we mea-
sured the sSFR using Hα, for central galaxies (left panel)
and satellite galaxies (right panel). There are interesting,
but expected, differences between the environmentally sep-
arated populations. It is clear that the quenched population
appears more prominent with respect to the star forming
population at all stellar masses in the satellite galaxies than
it does in the central galaxies. It is worth noting the rela-
tive lack of quenched galaxies with M∗ . 1010.5 in the central
population, but their prominence in the satellite population.
To have a more quantitative view of these distributions,
we present Figure 3, in which we bin the data in stellar mass,
and calculate the fractions of quenched galaxies with respect
to the total number of galaxies, fq = Nq/N, for centrals and
satellites separately. Error bars are determined using the
percent point function of a beta distribution where the in-
put parameters are the number of transient centrals (satel-
lites) and the total number of centrals (satellites) in each
mass bin (Cameron 2011). At all stellar masses, there is a
larger fraction of quenched satellite galaxies than quenched
central galaxies, with a sharp increase for both centrals and
satellites at around 1010 M. This supports the assertion
that galaxies in dense environments such as satellites, and
particularly high stellar mass galaxies, are more likely to be
quenched. This general shape is consistent with many other
studies of central/satellite quenched fractions in the liter-
ature (Kimm et al. 2009; Bluck et al. 2014; Davies et al.
2019). Note that our procedure of removing undetected UV
galaxies means that these fractions may suffer some incom-
pleteness at the massive end, and thereby underestimate the
quenched fraction. We have checked that imposing a redshift
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Figure 3. Fraction of quenched galaxies, fq = Nq/N , where Nq
is the number of quenched central(satellite) galaxies and N is the
total number of central(satellite) galaxies. The star formation rate
is drawn from Hα.
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Figure 4. Distribution of equivalent widths of Hα measurements
in angstroms. The black dashed line denotes EW(Hα) = 3A˚.
constraint of z ≤ 0.1 does not qualitatively change our re-
sults.
3.2 Transient galaxies
Now that we have established the clear environmental trends
in star-formation properties, and the implied quenching ef-
fect on satellite galaxies, we can attempt to pick out those
galaxies which have recently undergone the cessation of their
star formation. As discussed in the introduction, Hα and UV
measurements are sensitive to star-formation on different
timescales (10 Myr and 100 Myr respectively), so a combi-
nation of the two measurements can be applied to investigate
the differential star-formation rate. Consider a galaxy which
has a star formation rate typical of a star-forming galaxy. If
MNRAS 000, 1–13 (2019)
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shows that transient galaxies as defined in this paper lie between
red and blue galaxies on a colour magnitude diagram.
this star formation is shut off quickly in a semi-instantaneous
event, the O stars giving rise to the Hα emission will die
within 10 Myr and the galaxy will cease to appear star form-
ing in this tracer. However, as the UV emission comes from
the less massive stars, the galaxy will appear to have sig-
nificant UV emission until those stars die ∼ 100 Myrs after
the extinction event. Thus, we can look for these ‘transient’
galaxies by isolating those that have a star-forming UV com-
ponent, but a negligible Hα component.
To define these ‘transient’ galaxies we must ensure that
they have Hα flux consistent with no star formation, and
that the UV component must be from star formation and
not residual emission from old stars, and that this UV emis-
sion is significant. First, to determine the galaxies with a
lack of Hα emission directly, we plot a histogram of the dis-
tribution of the equivalent width (EW) of Hα in Figure 4.
There are two clear populations: galaxies with a significant
Hα detection, and galaxies with negligible Hα detection with
a clear dividing line at EW(Hα) = 3A˚. Galaxies below this
cut are assumed to have no significant Hα emission.
Similarly, we want to establish a sSFRUV cut which
is consistent with the UV emission being the normal emis-
sion of a star forming galaxy. For this, we will return to our
log(sSFRUV/yr−1) > −11.4 cut established in the previous
subsection. However, we further require that the galaxy has
a NUV−r colour consistent with being a star-forming galaxy.
From an analysis of the colour magnitude diagram, and con-
sistent with previous divisions, we require NUV − r ≤ 4.5 to
be star forming.
We can now define transient galaxies as those with
log(sSFRUV/yr−1) > −11.4, NUV − r ≤ 4.5 and EW(Hα) <
3A˚. In Figure 5, the fractions of transient galaxies with re-
spect to the total number of galaxies ( ft = Nt/N) for centrals
and satellites are plotted for each stellar mass bin. The clear-
est difference between the two distributions is the excess of
transient fraction in satellites compared to centrals at low
M∗, compared to the lack thereof at higher stellar masses.
Over the entire low mass bin (M∗ < 1010.5 M), there is an
average 1 per cent excess in transient fraction of satellites
compared to centrals at a 5.6σ significance.
Across all stellar mass bins, we count 1,499 transient
satellite galaxies and 6,922 transient central galaxies. This
gives 7.8 per cent and 8.5 per cent fractions of the total
satellite/central galaxy count respectively. However, we find
further evidence for a mass dependence by looking only at
galaxies with M∗ < 1010 M, where we find 138 transient
satellite galaxies and 169 transient central galaxies, giving
2.6 per cent and 1.1 per cent of the total number of satel-
lite/central galaxies with M∗ < 1010 M respectively. We see
a slight increase in the fraction of transient satellite galax-
ies at low-mass versus transient central galaxies. This im-
plies that although high-mass galaxies are more likely to be
quenched, satellite transient galaxies deviate from transient
centrals at low masses, meaning low-mass satellites may be
more inclined to begin to quench based on environmental
factors.
We plot a colour magnitude diagram (CMD) in Figure
6. Contour lines indicate populations of quenched and star-
forming galaxies, using definitions established in Subsection
3.1, using sSFRHα. Individual transient galaxies are plotted
over the contours. A histogram is plotted showing the dis-
tributions of colours of the red and blue galaxies. The CMD
and histogram confirm that transient galaxies, as defined in
this paper, lie between red and blue galaxies in terms of
colour, and thus in terms of their evolution.
3.3 Group and satellite properties
Now that we have identified a population of galaxies with
recently quenched star formation and which are preferen-
tially satellite galaxies, we can investigate the environments
of those galaxies in more detail. The phase space distribu-
tion of galaxies in groups or clusters, that is, the plane of
projected group-centric distance versus the relative velocity
offset, has shown to hold important information on the path
of a satellite upon entering the system (Muzzin et al. 2014;
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Figure 7. Phase space histogram showing r/r180 and ∆v/σ for all galaxies, with marginalised distributions on each axis for star-forming,
quenched and transient galaxies. Note the similarity in distributions between transient, quenched, and star-forming galaxies. The z-axis
denotes number of galaxies in each bin.
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Figure 8. Fractions of transient galaxies with respect to star-forming galaxies (left) and quenched galaxies (right) for different group
halo mass bins. There is a clear downward trend for the fraction of transient galaxies with respect to star-forming galaxies as r/r180
increases at high halo mass.
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Figure 9. Fraction of rejuvenating galaxies, fr = Nr/N , where
Nr is the number of rejuvenating central(satellite) galaxies and
N is the total number of central(satellite) galaxies. The data is
binned by stellar-mass, with low stellar-mass on the left and high
stellar-mass on the right.
Jaffe´ et al. 2018). For each satellite, we calculate their rela-
tive velocity (∆v) with respect to the group velocity disper-
sion (σ) and the projected separation between the satellite
and the central (r) with respect to the group halo radius
(r180). Figure 7 shows a 2d histogram with axes r/r180 and
∆v/σ, which shows the distribution of the entire sample of
satellite galaxies across the phase space with marginalised
distributions on each axis for star-forming, quenched, and
transient satellite galaxies. Individual transient galaxies are
indicated on the plot by green circles. The distributions ap-
pear similar across the three distributions and in both the
velocity distribution and radial distribution. There is a slight
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Figure 10. BPT diagram with the Kauffmann et al. (2003) de-
marcation line. Two-thirds of the galaxies identified as rejuvenat-
ing are shown here to not have truly star-forming emission.
suggestion that the transient population has a radial distri-
bution more similar to the quenched population than the
star forming population, however KS-tests on all the distri-
butions show no significant trends. However, this plot in-
cludes all satellites regardless of their stellar mass. We will
investigate any possible stellar mass dependence further in
Section 4.
We examine the excess of satellite transients further
by looking at the relative proportions of transient satellites
with respect to star-forming galaxies and quenched galaxies
binned by group halo mass. In Figure 8, we plot the frac-
tion of transient galaxies compared to star-forming galaxies
against the radial position of the satellite galaxy in the group
(left panel). We also plot the fraction of transient galaxy
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count in each bin.
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Figure 12. Histograms of halo mass binned transient and star-forming galaxies with respect to ∆v/σ. Here, low halo mass (left panel)
refers to groups with halo mass 1011 < Mh ≤ 1013.5 M and high halo mass (right panel) refers to groups with halo mass 1013.5 < Mh ≤ 1016
M. The mean distribution of each plot is shown for ease of comparison. Errors are computed using the normalised count in each bin.
compared to quenched galaxies (right panel). First, exam-
ining the panel presenting the fraction of transients with
respect to the star forming galaxies, we see two interesting
trends. Firstly, there is a clear radial trend in that this ra-
tio increases towards the center of the halo. This would be
expected if satellites become transients upon infalling into
the group, and that their likelihood of quenching increases
as they reach the center of the cluster. Secondly, there is a
halo mass dependence to the transient/star-forming ratio.
Halo masses greater than 1013 M host much higher rates
of transients than do halos less massive. Again, this may in-
dicate that transients occur in satellites after infalling, and
that their rate of going through a transient stage is related
to the densities of gas or size of gravitational potentials they
encounter.
In the right panel of Figure 8 the fraction of transient
to quenched galaxies is shown for the same bins of halo
mass and group-centric radius. For massive halos (> 1013
M), there is a clear opposite radial trend, in that this ra-
tio is smaller with decreasing radius. Since the quenched
galaxies are a larger proportion of all galaxies towards the
group centre, this means that the transient population is
anti-correlated with the quenched population. Usefully, this
means that transients are not likely to be a momentary, re-
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current phase in the life of quenched galaxies, but rather
indicate a once-off event. Interestingly, the halo mass de-
pendence of this ratio is less clear than it was in the
transient/star-forming ratio and may suggest that the past
level of quenching is not as closely correlated with cur-
rent quenching. If quenching in a group occurs on short
timescales with respect to the formation of the group, then
this relative lack of correlation would be expected.
3.4 Rejuvenating galaxies
The anti-correlation between the transient population and
the quenched population suggests that the transients we are
seeing are not a stage in the life of a normal quenched galax-
ies, but rather a phase indicative of a key quenching event.
However, it is worth noting that galaxy-group and galaxy-
galaxy interactions or continued further gas accretion may
cause star-formation to begin again in a quenched galaxy,
so called ‘rejuvenation’. In this study, it is not possible to
disentangle whether a particular quenched satellite galaxy
was once rejuvenated, or if it will begin star-formation at
some point in its evolution, and likewise for a particular
star-forming galaxy. However, we can determine if there are
any external dependencies that may influence rejuvenation.
In this paper, rejuvenating galaxies are defined as those
with significant Hα detection [EW(Hα) ≥ 3A˚] but negligi-
ble UV emission, i.e. sSFRUV < 10−11.4 yr−1. Using similar
logic in defining transient galaxies, this implies that star-
formation has recently begun again in these galaxies. Due
to requiring sensitivity to low-levels of star formation from
the UV emission, we limit our analysis in this section to
galaxies at z < 0.1.
In previous works (see, e.g., Thomas et al. 2010; Chauke
et al. 2019, for low- and high-redshift analyses respectively)
rejuvenating galaxies are found to have experienced some
secondary star-formation events, leading to a bluer colour
and younger galaxy. These works show that rejuvenating
galaxies are a relatively common occurrence, especially at
low-mass and in low-density environments (Thomas et al.
2010). In Figure 9, we show the ratio of the number of re-
juvenating galaxies over the total number of galaxies as a
function of two stellar mass bins for each of the central
and satellite populations. Interestingly, the fraction of re-
juvenating galaxies in the low stellar mass bin is consistent
with zero. This is likely due to the low numbers of quenched
galaxies at these stellar masses in general. The fraction of
rejuvenating galaxies at high stellar mass is slightly larger,
but maintains the same amount in centrals and satellites.
We count 14/27,456 rejuvenating low stellar mass central
galaxies, and 16/3,756 rejuvenating high stellar mass central
galaxies. This compares to 4/8,051 rejuvenating low stellar
mass satellite galaxies and 3/749 rejuvenating high stellar
mass satellite galaxies. The behaviour in this plot is in con-
trast to the peak in transient satellite galaxies compared to
central galaxies at M∗ ∼ 109.5 M in Figure 5. While we
see clear evidence that the transients are environmentally
effected, the rejuvenated galaxies are not. This gives confi-
dence that our transient population is a true population of
galaxies undergoing a catastrophic quenching event.
Of the galaxies we identified, approximately 1/3 exhib-
ited signs of true star-formation. This is evident in a BPT
diagram in Figure 10 (see also references therein Kewley
et al. 2006) which provides strong evidence for AGN activ-
ity. This is an interesting result in itself, and nevertheless
underlines the momentary nature of transient galaxies un-
dergoing a catastrophic quenching event.
4 DISCUSSION
These results show that there are multiple aspects at play
which influence the star-formation of galaxies and which
depend on various galactic properties. We see enhanced
quenching in satellites, likely due to the environmental ef-
fects that act on a satellite galaxy as it moves through a
group. To get a clearer picture of how the environment ef-
fects a satellite galaxy, we can isolate galaxies that are in
the process of quenching, and relate the individual galactic
properties with those of the group. We note that there is a
higher fraction of transient satellite galaxies at M∗ < 1010
M compared to transient central galaxies. This suggests
that low-mass satellite galaxies are quenched more efficiently
than low-mass centrals are. This scenario of low-mass satel-
lite quenching is consistent with previous studies using direct
stellar ages (Haines et al. 2006; Smith et al. 2009). It also
shows similar trends to studies of spectroscopically selected
post-starburst galaxies (Paccagnella et al. 2017), although
with a different selection method from ours.
It was found in §3.3 that transient galaxies evenly oc-
cupy the full range of r/r180, and that there was not a sig-
nificant difference in the distributions of transients, star-
forming and quenched galaxies. This is, perhaps, inconsis-
tent with (Muzzin et al. 2014) who find a particular ring
structure in the phase-space location of z ∼ 1 post-starburst
cluster galaxies. Similarly, (Owers et al. 2019) found that Hδ
strong galaxies are principally found at small (< 0.5 R200)
clustercentric distances. However, it is clear that the exact
definition of a ‘quenching’ galaxy, and the stellar mass lim-
its will make a difference (Paccagnella et al. 2017). Our re-
sult was shown for the full range of stellar masses, and we
have seen that the most prominent differences may occur
at low stellar mass. For this reason, we separate low-mass
and high-mass satellites. In Figure 11, we show the radial
distribution of low-mass and high-mass satellites of both the
transient and star-forming variety. The left panel shows low-
mass (108 < M∗/ M ≤ 1010) galaxies, and the right panel
shows high-mass (1010 < M∗/ M ≤ 1013). The mean distri-
bution of each plot is also shown for ease of comparison.
If quenching were driven primarily by environmental
factors, we would see a radial difference in the star-forming
and transient populations. However, for the high-mass bin,
we find that the transient and star-forming radial distri-
butions are nearly identical, suggesting that the quenching
mechanisms for these galaxies is unlikely to be primarily
group-driven. It is a different story for the low-mass galax-
ies. For these, the transients have a steeper inner radial pro-
file, and are consistent with having been in the massive halo
for a long time, while the star-forming galaxies have a ra-
dial profile more consistent with recent infall (Oman et al.
2013; Jaffe´ et al. 2018). This supports the idea that low-mass
galaxies are more susceptible to the environmental effects,
while the quenching of high-mass galaxies is driven by inter-
nal effects.
We can support the role of environmental effects further
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by recalling the clear halo mass dependence in the ratio of
transients to star-forming galaxies seen in Figure 8. With in-
creasing halo mass, the proportion of transient galaxies with
respect to star-forming galaxies, across all stellar masses,
increases. The opposite is true for transient fractions with
respect to quenched galaxies. The halo mass dependence for
the fraction of transients with respect to star-forming galax-
ies is further clear evidence that some of the transients are
driven by environmental processes. This halo mass depen-
dence is consistent with the work of (Paccagnella et al. 2019)
who also showed a strong dependence of the post-starburst
fraction with halo mass. This consistent result, with a very
different galaxy selection, clearly points to some role for halo
mass in the appearance of this quenching.
However, it is important to note, that while there is
a strong halo mass dependence for the appearance of tran-
sients, even the lowest halo masses show an increasing frac-
tion of transients with respect to star-forming as a func-
tion of decreasing radius (e.g., the purple dashed line in the
left panel of Figure 8). This strongly suggests that, while
the effectiveness of environment-induced quenching is lower
in low-mass halos, it is still a factor. This is an intriguing
result, which is also consistent with other previous studies
(Zabludoff et al. 1996; Paccagnella et al. 2019; Vulcani et al.
2020). The environmental effect clearly can not be depen-
dent only on halo mass, but perhaps instead some other
physical feature which correlates with halo mass, such as
relative velocity and intragroup gas density.
We present further evidence for this suggestion in Figure
12, which shows the distribution of satellite-central velocity
offset with respect to the group velocity dispersion split by
low halo mass (1011 < Mh ≤ 1013.5 M; left panel) and high
halo mass (1013.5 < Mh ≤ 1016 M; right panel). The mean
distribution of each plot is also shown for ease of comparison.
We find that, for both the low and high halo mass subsets,
the transients appear to have lower velocity offsets than do
star-forming galaxies in the same mass halos. A lower veloc-
ity offset is expected if these galaxies have been in the group
for longer than the typical star-forming galaxy. This is ev-
idence that there is a timescale on the order of the group-
crossing time before the galaxy becomes a transient galaxy.
That said, we see a similar pattern as in Figure 11, where in
each mass bin, the transient and star-forming populations
have practically identical distributions. This further implies
that, while the environmental effects cannot be neglected,
they are not the primary driver of quenching mechanisms.
Overall, these results describe a picture of the state of
star-formation in various classes of galaxies and the conflu-
ence of factors which drive them. We see that galaxies which
have recently truncated their star formation have a strong
stellar mass dependence, which occurs in both central and
satellite galaxies. However, at low stellar mass (M∗ . 1010
M), these recently-quenched galaxies are much more likely
to be satellite galaxies. Further, the occurrence of these tran-
sients shows a strong halo mass and radial dependence, with
more star-forming galaxies being transformed into transients
in high mass halos and nearer the group center. We also find
that the rejuvenated galaxies do not have an environmental
dependence, so will not preferentially revive these transient
satellites. Finally, although we find a clear environmental ef-
fect responsible for some transients, we still find a sizeable
population (especially at high stellar mass) which occur in
both central and satellite galaxies in equal occurrences.
5 CONCLUSIONS
By combining Hα and UV measurements, from SDSS and
GALEX respectively, we gain a unique insight into the in-
stantaneous star-formation rate of satellite galaxies in galaxy
groups. Using properties of the group of each satellite, from
the YGC, we examine the environment of the satellite and
investigate its significance on quenching. Our main results
can be summarised as follows:
• We find a population of recently-quenched galaxies
(‘transients’) which lack Hα emission but maintain UV emis-
sion indicative of star formation. This is characteristic of a
galaxy which has had its star formation quenched in the last
∼ 100 Myrs. The occurrence of these transients is a strong
function of stellar mass, and occur in central and satellites at
the same rate in high stellar mass galaxies (M∗ > 1010 M).
However, at low stellar masses, these transients are more
likely to occur in satellite galaxies than in central galaxies.
• The occurrence of transient galaxies in the satellite pop-
ulation is a strong function of the total host halo mass and
projected group-centric distance. Measured by the ratio of
transient galaxies to star-forming galaxies, transients are
more likely to occur in high mass halos and closer to the
group centre. Both of these features are characteristic of en-
vironmentally driven processes.
• We examined the population of ‘rejuvenating’ galaxies
which show Hα emission but lack UV mission, suggesting
that they have recently begun their star formation again af-
ter a period of quiescence lasting at least 100 Myrs. This
population showed no environmental dependence, which
suggests that our ‘transient’ satellite galaxies are not simply
a normal part of a on-off star formation cycle in galaxies.
The evidence for an environmental role in the produc-
tion of transients that we see in low-mass galaxies, as well
as the halo mass and radial dependence, is clear. This sug-
gests that some environmental process is acting over short
timescales to quench at least some of these galaxies. Given
the signatures in the radial and velocity distributions of
these galaxies, this process is likely to occur not immediately
after a galaxy enters the halo. Given the short timescale of
the transient phase, and the long timescale after the entering
of the halo, our results agree with the ‘delayed-then-rapid’
quenching scenario of Wetzel et al. (2012).
However, the clear environmental role should not be
overstated. The strong stellar mass dependence of the tran-
sient galaxies is similar in both satellites and centrals, and
indeed the highest occurrence rates of transients occur in
high stellar mass galaxies and equally in central and satel-
lites. This suggests that there is a significant additional fac-
tor driving the quenching of galaxies besides environment.
This, along with a further elucidation of the role of environ-
ment, AGN and morphology, will be the subject of future
work.
MNRAS 000, 1–13 (2019)
12 C. Cleland & S. L. McGee
ACKNOWLEDGEMENTS
We thank Felicia Ziparo for discussions at an early stage
of this work. CC acknowledges the support of the School
of Physics and Astronomy at the University of Birmingham.
SLM acknowledges support from the Science and Technology
Facilities Council through grant number ST/N021702/1.
Funding for the Sloan Digital Sky Survey IV has been
provided by the Alfred P. Sloan Foundation, the U.S. De-
partment of Energy Office of Science, and the Participating
Institutions. SDSS-IV acknowledges support and resources
from the Center for High-Performance Computing at the
University of Utah. The SDSS web site is www.sdss.org.
SDSS-IV is managed by the Astrophysical Research
Consortium for the Participating Institutions of the SDSS
Collaboration including the Brazilian Participation Group,
the Carnegie Institution for Science, Carnegie Mellon Uni-
versity, the Chilean Participation Group, the French Par-
ticipation Group, Harvard-Smithsonian Center for Astro-
physics, Instituto de Astrof´ısica de Canarias, The Johns
Hopkins University, Kavli Institute for the Physics and
Mathematics of the Universe (IPMU) / University of Tokyo,
the Korean Participation Group, Lawrence Berkeley Na-
tional Laboratory, Leibniz Institut fu¨r Astrophysik Potsdam
(AIP), Max-Planck-Institut fu¨r Astronomie (MPIA Heidel-
berg), Max-Planck-Institut fu¨r Astrophysik (MPA Garch-
ing), Max-Planck-Institut fu¨r Extraterrestrische Physik
(MPE), National Astronomical Observatories of China, New
Mexico State University, New York University, University
of Notre Dame, Observata´rio Nacional / MCTI, The Ohio
State University, Pennsylvania State University, Shanghai
Astronomical Observatory, United Kingdom Participation
Group, Universidad Nacional Auto´noma de Me´xico, Univer-
sity of Arizona, University of Colorado Boulder, University
of Oxford, University of Portsmouth, University of Utah,
University of Virginia, University of Washington, University
of Wisconsin, Vanderbilt University, and Yale University.
This paper is partly based on archival data from the 6th
General Release. GALEX was operated for NASA by Cali-
fornia Institute of Technology under NASA contract NAS-
98034.
REFERENCES
Abadi M. G., Moore B., Bower R. G., 1999, MNRAS, 308, 947
Abazajian K. N., et al., 2009, ApJS, 182, 543
Athanassoula E., 1992, MNRAS, 259, 328
Baldry I. K., Glazebrook K., Brinkmann J., Ivezic´ Zˇ., Lupton
R. H., Nichol R. C., Szalay A. S., 2004, ApJ, 600, 681
Balogh M. L., Morris S. L., Yee H. K. C., Carlberg R. G., Elling-
son E., 1999, ApJ, 527, 54
Balogh M. L., Navarro J. F., Morris S. L., 2000, ApJ, 540, 113
Bekki K., 2014, MNRAS, 438, 444
Bell E. F., et al., 2004, ApJ, 600, L11
Blanton M. R., et al., 2005, AJ, 129, 2562
Bluck A. F. L., Mendel J. T., Ellison S. L., Moreno J., Simard L.,
Patton D. R., Starkenburg E., 2014, MNRAS, 441, 599
Brinchmann J., Charlot S., White S. D. M., Tremonti C., Kauff-
mann G., Heckman T., Brinkmann J., 2004, MNRAS, 351,
1151
Cameron E., 2011, Publ. Astron. Soc. Australia, 28, 128
Chauke P., et al., 2019, ApJ, 877, 48
Couch W. J., Sharples R. M., 1987, MNRAS, 229, 423
Davies L. J. M., et al., 2019, MNRAS, 483, 5444
Doi M., et al., 2010, AJ, 139, 1628
Dressler A., 1980, ApJ, 236, 351
Dressler A., Gunn J. E., 1983, ApJ, 270, 7
Faber S. M., et al., 2007, ApJ, 665, 265
French K. D., Arcavi I., Zabludoff A., 2016, ApJ, 818, L21
Gabor J. M., Dave´ R., Finlator K., Oppenheimer B. D., 2010,
MNRAS, 407, 749
Gilbank D. G., Baldry I. K., Balogh M. L., Glazebrook K., Bower
R. G., 2010, Monthly Notices of the Royal Astronomical So-
ciety, 405, 2594
Gunn J. E., Gott J. Richard I., 1972, ApJ, 176, 1
Haines C. P., La Barbera F., Mercurio A., Merluzzi P., Busarello
G., 2006, ApJ, 647, L21
Jaffe´ Y. L., et al., 2018, MNRAS, 476, 4753
Kauffmann G., et al., 2003, MNRAS, 346, 1055
Kaviraj S., Kirkby L. A., Silk J., Sarzi M., 2007, MNRAS, 382,
960
Kennicutt R. C., 1998, Annual Review of Astronomy and Astro-
physics, 36, 189
Kewley L. J., Groves B., Kauffmann G., Heckman T., 2006, MN-
RAS, 372, 961
Kimm T., et al., 2009, MNRAS, 394, 1131
Kroupa P., 2001, MNRAS, 322, 231
Martin D. C., et al., 2005, ApJ, 619, L1
McGee S. L., Balogh M. L., Wilman D. J., Bower R. G., Mulchaey
J. S., Parker L. C., Oemler A., 2011, MNRAS, 413, 996
McGee S. L., Bower R. G., Balogh M. L., 2014, MNRAS, 442,
L105
Melnick J., De Propris R., 2013, MNRAS, 431, 2034
Morrissey P., et al., 2007, ApJS, 173, 682
Muzzin A., et al., 2014, ApJ, 796, 65
Oman K. A., Hudson M. J., Behroozi P. S., 2013, MNRAS, 431,
2307
Omand C. M. B., Balogh M. L., Poggianti B. M., 2015, VizieR
Online Data Catalog, p. J/MNRAS/440/843
Owers M. S., et al., 2019, ApJ, 873, 52
Paccagnella A., et al., 2017, ApJ, 838, 148
Paccagnella A., Vulcani B., Poggianti B. M., Moretti A., Fritz J.,
Gullieuszik M., Fasano G., 2019, MNRAS, 482, 881
Pawlik M. M., McAlpine S., Trayford J. W., Wild V., Bower R.,
Crain R. A., Schaller M., Schaye J., 2019, Nature Astronomy,
3, 440
Poggianti B. M., Smail I., Dressler A., Couch W. J., Barger A. J.,
Butcher H., Ellis R. S., Oemler Augustus J., 1999, ApJ, 518,
576
Pracy M. B., Kuntschner H., Couch W. J., Blake C., Bekki K.,
Briggs F., 2009, MNRAS, 396, 1349
Salim S., et al., 2016, ApJS, 227, 2
Salim S., Boquien M., Lee J. C., 2018, ApJ, 859, 11
Sheth K., Vogel S. N., Regan M. W., Thornley M. D., Teuben
P. J., 2005, ApJ, 632, 217
Smethurst R. J., Lintott C. J., Bamford S. P., Hart R. E., Kruk
S. J., Masters K. L., Nichol R. C., Simmons B. D., 2017,
MNRAS, 469, 3670
Smith R. J., Lucey J. R., Hudson M. J., Allanson S. P., Bridges
T. J., Hornschemeier A. E., Marzke R. O., Miller N. A., 2009,
MNRAS, 392, 1265
Strateva I., et al., 2001, AJ, 122, 1861
Swinbank A. M., Balogh M. L., Bower R. G., Zabludoff A. I.,
Lucey J. R., McGee S. L., Miller C. J., Nichol R. C., 2012,
MNRAS, 420, 672
Thomas D., Maraston C., Schawinski K., Sarzi M., Silk J., 2010,
MNRAS, 404, 1775
Vulcani B., et al., 2020, ApJ, 892, 146
Wetzel A. R., Tinker J. L., Conroy C., 2012, MNRAS, 424, 232
Yang X., Mo H. J., van den Bosch F. C., Pasquali A., Li C.,
Barden M., 2007, ApJ, 671, 153
MNRAS 000, 1–13 (2019)
Quenched and transient galaxies 13
Yesuf H. M., Faber S. M., Trump J. R., Koo D. C., Fang J. J.,
Liu F. S., Wild V., Hayward C. C., 2014, ApJ, 792, 84
Zabludoff A. I., Zaritsky D., Lin H., Tucker D., Hashimoto Y.,
Shectman S. A., Oemler A., Kirshner R. P., 1996, ApJ, 466,
104
Ziparo F., et al., 2014, MNRAS, 437, 458
Zurita A., Relan˜o M., Beckman J. E., Knapen J. H., 2004, A&A,
413, 73
APPENDIX A: DUST ATTENUATION
As stated in §3.1, we do not apply dust attenuation correc-
tions to the star formation rates. This allows us to use the
full range of galaxies with well-measured Hα fluxes, while
mainting the connection directly to the massive stars that
produce this emission. Given the dust is expected to prin-
cipally come from local scales, it may be that such effects
are similar in centrals and satellites for similar star forma-
tion rates. However, we must test this assumption, and show
its consistency in all the regions we probe. We estimate the
effect these dust corrections would have on our SFRs by us-
ing the Balmer decrement, as in Gilbank et al. (2010) (see
references therein):
AHα =
2.5
kHβ/kHα − 1
log
(
1
2.85
fHα
fHβ
)
, (A1)
where kHβ/kHα = 1.48 and fHα(β) is the Hα(β) flux. Using
the fluxes of Hβ and Hα for galaxies with both well measured
we find that the average attenuation is AHα ∼ 1, and this
shows no difference between satellites and central galaxies.
Since applying this attenuation correction would have no
appreciable difference on the differential effects of centrals
and satellites and thus no effect on our subsequent analysis,
we do not apply it. However, we fully investigate the relative
effect of dust attenuation here. We use the ratio of Hα to
Hβ as a proxy for the attenuation coefficient. We ensure that
each galaxy that is considered to have well-measured Hα or
Hβ has a SNR > 3 for both measurements.
Figure A1 illustrates the flux ratio for centrals and
satellites in three stellar mass bins, M∗/M < 1010, 1010 ≤
M∗/M < 1011 and M∗/M ≥ 1011. Each bin contains 11,006
centrals and 4,031 satellites, 49,119 centrals and 13,300 satel-
lites, and 63,854 centrals and 11,474 satellites respectively.
The mean flux ratio in each bin is 3.32 ± 0.03 (centrals) and
3.40 ± 0.05 (satellites), 4.04 ± 0.04 (centrals) and 4.08 ± 0.05
(satellites), and 4.38 ± 0.31 (centrals) and 4.27 ± 0.15 (satel-
lites) respectively. Apart from negligible differences, the dis-
tributions of the flux ratio are identical. This implies that
the dust attenuation is the same for centrals and satellites
with respect to stellar mass, at least for the case when both
Hα and Hβ are well measured.
To check whether there could be differences in dust at-
tenuations, we will look at subgroups of satellites in different
host halo masses, different radial positions and different ve-
locity offsets. First, in Figure A3, we plot the flux ratio with
respect to three group halomass bins. These bins have total
galaxy numbers of 9,712, 5,483, and 11,266 respectively and
the mean flux ratio in each bin is 4.08±0.07, 4.19±0.09, and
4.06 ± 0.15 respectively. These differences are minimal.
Next, we plot the flux ratio of satellite galaxies in differ-
ent bins of absolute normalised velocity offset, |∆v/σ|. This
is shown in Figure A2. The number of galaxies in each bin
is 14,643, 7,665, and 4,153, with mean flux ratio 4.13± 0.06,
4.08 ± 0.18, and 4.01 ± 0.09 respectively. Again, we see neg-
ligible difference in flux ratio.
Finally, Figure A4 plots the flux ratio of satellite galax-
ies in bins of group-centric radius, r/r180. The number of
galaxies in each bin are 15,811, 5,690, and 4,960, with mean
flux ratio 4.12±0.13, 4.11±0.09, and 3.99±0.07 respectively.
There is a slightly larger flux ratio (i.e. dust attenuation
coefficient) for galaxies closer to the group centre, and a
slightly lower flux ratio for galaxies towards the group edge.
However, these slight offsets are considered negligible.
It is possible that galaxies that are deemed passive
by sSFR have preferentially higher dust attenuation coef-
ficients, meaning their sSFR is underestimated. However, in
Figure A5 we see this is not the case. This figure plots the
flux ratios of star-forming and quenched galaxies as these
were defined in Section 3.1. We see that, for quenched galax-
ies (i.e. low sSFR), there is a wide range of flux ratio avail-
able. In fact, the mean flux ratio for quenched galaxies is
lower than that of star-forming galaxies, with 3.90 ± 0.09
and 4.16 ± 0.11 respectively. These results confirm that our
results are not biased by dust attenuation.
In this Appendix, we have shown that there appears to
be no evidence for differential dust effects which could be
affecting the bulk of our results. However, we caution that
we can not rule out effects when Hβ can not be accurately
measured, or for individual galaxies.
This paper has been typeset from a TEX/LATEX file prepared by
the author.
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Figure A1. Distributions of flux ratios Hα/Hβ in three stellar mass (M∗) bins as labeled in each panel. We see the flux ratio distribution
is the same for central galaxies and satellite galaxies with respect to stellar mass.
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Figure A2. Distributions of flux ratios Hα/Hβ in three abso-
lute normalised velocity offset ( |∆v/σ |) bins. We see the flux ratio
distribution is the same regardless of velocity offset.
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Figure A3. Distributions of flux ratios Hα/Hβ in three halomass
(Mh) bins. We see the flux ratio distribution is the same regardless
of halomass.
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Figure A4. Distributions of flux ratios Hα/Hβ in three group-
centric radius (r/r180) bins. We see the flux ratio distribution is
the same regardless of group-centric radius.
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Figure A5. Distributions of flux ratios Hα/Hβ for star-forming
(log(sSFRUV[yr−1]) > −11.4) and quenched (log(sSFRUV[yr−1]) ≤
−11.4) galaxies. We see the quenched population is not unduly
biased by high flux ratios (i.e. dust attenuation coefficients).
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